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(54) MOVING CHARGING SYSTEM ACHIEVED BY TRANSPORTING SECONDARY BATTERY

(57) A home receives power supply from a secondary
battery (fixed battery). An electricity delivery vehicle in-
cludes a built-in secondary battery (mobile battery), and
moves autonomously. The home measures a battery
charge level of the fixed battery and transmits the battery
charge level to a server. When the battery charge level
of the fixed battery at the home is lower than a power
supply threshold, the server instructs an electricity deliv-
ery vehicle in a standby state to start moving. Upon re-
ceiving the start instruction, the electricity delivery vehicle

sets the home as a goal point, and automatically starts
moving. Upon reaching the home, the electricity delivery
vehicle connects the built-in mobile battery with the fixed
battery at the home, and supplies power from the mobile
battery to the fixed battery.
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Description

Field

[0001] The present invention relates to electrical ener-
gy supply, and in particular, to a technology for supplying
electrical energy by transportation of secondary batter-
ies.

Background

[0002] There is a growing interest in a "sustainable so-
ciety" against a backdrop of population growth accom-
panied by rapid increase in energy consumption. A sus-
tainable society can be defined as a society capable of
preserving the global environment, passing the pre-
served global environment to the next generation, and
also satisfying the needs of the current generation.
[0003] In order to achieve a sustainable society, there
have been needs for active use of natural energy such
as photovoltaic power generation, wind power genera-
tion, and geothermal power generation. A future town
has been currently planned in which a best mix of a variety
of power sources including natural energy based on re-
gional characteristics is pursued and energy is supplied
as much as possible by local production for local con-
sumption.

Related Art List

Patent Literatures

[0004] Patent Literature 1: JP 5360157 B

Summary

Technical Problem

[0005] In addition, many of advanced countries face
the problem of crumbling infrastructure including power
grids. For remodeling a town, reconstruction of power
grids is also necessary. Overhead power lines spoils the
landscape of a town. If power lines are laid underground
(to remove utility poles), however, the construction costs
become higher. In a country like Japan that is prone to
natural disasters such as earthquakes and typhoons, the
risk that a power grid is torn has to be considered.
[0006] The present invention has been achieved on
the basis of recognition of the aforementioned problems,
and a chief object thereof is to provide a novel method
for supplying energy.

Solution to problem

[0007] A mobile charging system according to an as-
pect of the present invention includes: a home to which
power is to be supplied from a first secondary battery; a
mobile object including a second secondary battery and

being autonomously movable; and a server connected
with the home and the mobile object via a communication
network.
[0008] The home includes: a battery managing unit to
measure a battery charge level of the first secondary bat-
tery; and a communication unit to transmit battery infor-
mation including the battery charge level to the server.
[0009] The server includes: a receiving unit to receive
the battery information from the home; and a transmitting
unit to transmit a start instruction to the mobile object in
a standby state when the battery charge level in the bat-
tery information is lower than a first threshold.
[0010] The mobile object includes: a drive mechanism
to move the mobile object; a receiving unit to receive the
start instruction; a movement control unit to set the home
as a goal point and instruct the drive mechanism to move
upon receiving the start instruction, and a battery man-
aging unit to supply power to the first secondary battery
from the second secondary battery when the mobile ob-
ject has reached the home.
[0011] A mobile object according to an aspect of the
present invention includes: a second secondary battery;
a drive mechanism to move the mobile object by the sec-
ond secondary battery as a power source; a receiving
unit to receive a start instruction specifying a home from
a server; a path calculating unit to refer to map informa-
tion and calculate a path from a current position to the
home upon receiving the start instruction; a movement
control unit to control the drive mechanism in accordance
with the calculated path; and a battery managing unit to
supply power to a first secondary battery installed at the
home from the second secondary battery upon reaching
the home, wherein
[0012] The movement control unit controls the drive
mechanism to return to a predetermined return position
from the home after power supply to the first secondary
battery.
[0013] A server according to an aspect of the present
invention is connected, via a communication network,
with a home to which power is to be supplied from a first
secondary battery and a mobile object including a second
secondary battery and being autonomously movable.
[0014] The server includes: a receiving unit to receive
battery information including a battery charge level of the
first secondary battery from the home; and a transmitting
unit to transmit a start instruction specifying the home as
a goal point to the mobile object in a standby state when
the battery charge level indicated in the battery informa-
tion is lower than a first threshold.
[0015] A mobile charging system according to another
aspect of the present invention includes: a plurality of
homes to each of which power is supplied from a first
secondary battery; a plurality of mobile objects each in-
cluding a second secondary battery and each being au-
tonomously movable; and a server connected with the
homes and the mobile objects via a communication net-
work.
[0016] The homes each include: a battery managing
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unit to measure a battery charge level of the first second-
ary battery; and a communication unit to transmit first
battery information including the battery charge level to-
gether with a home ID to the server.
[0017] The server includes: a first receiving unit to re-
ceive the first battery information from each of the homes;
a second receiving unit to receive second battery infor-
mation including a battery charge level of a second sec-
ondary battery from each of the mobile objects; a first
determining unit to determine whether or not one or more
homes with a battery charge level indicated in the first
battery information being lower than a first threshold are
present; a second determining unit to determine whether
or not one or more mobile objects with a battery charge
level indicated in the second battery information being
equal to or higher than a fourth threshold are present;
and a transmitting unit to transmit a start instruction when
a home with the battery charge level in the first secondary
battery being lower than the first threshold is present, the
start instruction specifying the home, the transmitting unit
transmitting the start instruction to any one of mobile ob-
jects in a standby state and with the battery charge level
of the second secondary battery being equal to or higher
than the fourth threshold.
[0018] The mobile objects each include: a drive mech-
anism to move the mobile object; a receiving unit to re-
ceive the start instruction; a path calculating unit to refer
to map information and calculate a path from a current
position to the home specified by the start instruction up-
on receiving the start instruction; a movement control unit
to control the drive mechanism in accordance with the
calculated path; and a battery managing unit to supply
power to the first secondary battery installed at the spec-
ified home from the second secondary battery of the mo-
bile object upon reaching the specified home.
[0019] The movement control unit of each of the mobile
objects controls the drive mechanism to return from the
home to a predetermined return position after power sup-
ply to the first secondary battery.

Advantageous Effects of Invention

[0020] The present invention enables supply of energy
by a delivery system.

Brief Description of Drawings

[0021]

FIG. 1 is a conceptual diagram of a mobile charging
system.
FIG. 2 is a schematic diagram for explaining a meth-
od for supplying power by using electricity delivery
vehicles.
FIG. 3 is a functional block diagram of an electricity
delivery vehicle.
FIG. 4 is a functional block diagram of a home.
FIG. 5 is a functional block diagram of a server.

FIG. 6 is a data structure table of home power con-
sumption information.
FIG. 7 is a data structure table of home estimation
information.
FIG. 8 is a data structure table of vehicle information.
FIG. 9 is a flowchart illustrating processes performed
by the server to determine whether or not an elec-
tricity delivery vehicle is to start moving.
FIG. 10 is a flowchart illustrating processes per-
formed by an electricity delivery vehicle in receipt of
a start instruction.
FIG. 11 is a flowchart illustrating processes per-
formed by an electricity delivery vehicle after finish-
ing power supply.
FIG. 12 is a data structure table of home adjustment
information.
FIG. 13 is a data structure table of town adjustment
information.
FIG. 14 is a data structure table of weather adjust-
ment information.

Description of Embodiments

[0022] FIG. 1 is a conceptual diagram of a mobile
charging system 100.
[0023] In the present embodiment, assume that the
mobile charging system 100 is operated in a town of sev-
eral hundred to several thousand people. In this town,
local production for local consumption of energy, or in
particular, electrical energy is set as a goal.
[0024] The mobile charging system 100 includes a
power supply system 104 and a power consumption sys-
tem 106. The power supply system 104 corresponds to
a producer of electrical energy. The power consumption
system 106 includes a plurality of homes 400. The homes
400 correspond to consumers of electrical energy. A sec-
ondary battery (first secondary battery) of a relatively
large size (hereinafter also referred to as a "fixed battery")
is installed in each home 400. In each home 400, the
fixed battery covers necessary electrical energy at home.
[0025] The power supply system 104 includes a power
station 102, a server 300, and a plurality of electricity
delivery vehicles 200. The power station 102 is a collec-
tion of one or more power production sources. The power
station 102 includes power production sources using nat-
ural energy such as photovoltaic power generation, ge-
othermal power generation, biomass power generation,
and wind power generation. The power production sourc-
es included in the power station 102 need not be con-
centrated in one place, and may be distributed over the
whole town. In addition, the power station 102 may in-
clude existing power stations such as a thermal power
station, a hydraulic power station, and a nuclear power
station in addition to power generation using natural en-
ergy.
[0026] The electricity delivery vehicles 200 are un-
manned autonomous vehicles; The electricity delivery
vehicles 200 each include a built-in secondary battery

3 4 



EP 4 184 751 A1

5

5

10

15

20

25

30

35

40

45

50

55

(second secondary battery) of a relatively small size
(hereinafter also referred to as a "mobile battery"). The
electricity delivery vehicles 200 each have a height of
about 0.5 to 1.2 meters and travel at low speeds of about
3 to 10 kilometers per hour, for example. In addition, the
electricity delivery vehicles 200 each have an imaging
function using a camera, a position detecting function
using a global positioning system (GPS), and a commu-
nication function. The electricity delivery vehicles 200 are
connected with the power station 102 via power supply
lines 108 to charge the built-in mobile batteries. Power
may be supplied to the power supply lines 108 not only
from the power station 102 in the town but also a power
station outside the town as a reserve power supply. Here-
inafter, a place at which the electricity delivery vehicles
200 receive power supply through the power supply lines
108 is referred to as a "standby area".
[0027] The server 300 periodically receives first battery
information including the remaining battery level (battery
charge level or state of charge) of the fixed battery from
each home 400 via a wired or wireless communication
network. The first battery information indicates a home
ID for identifying the home 400, the capacity of the fixed
battery, the remaining battery level of the fixed battery,
and the usage of electrical energy at the home 400 such
as power consumption (the amount of decrease per unit
period of the remaining battery level) at the home 400.
The server 300 instructs an electricity delivery vehicle
200 in the standby area to start moving for a home 400
in which the remaining battery level is low.
[0028] The electricity delivery vehicle 200 in receipt of
the start instruction autonomously moves toward the
specified home 400. When the electricity delivery vehicle
200 reaches the home 400, the built-in mobile battery is
connected to the fixed battery of the home 400, and pow-
er is supplied from the mobile battery to the fixed battery.
After power supply, the electricity delivery vehicle 200
automatically returns to the standby area. Alternatively,
the power supply from the mobile battery to the fixed
battery may be known wireless power transfer such as
a magnetic field resonance method.
[0029] Hereinafter, "a power consumption of X[%] of a
fixed battery at a home 400 in a certain time slot W (for
example, 10:00-11:00 on Friday)" means that the remain-
ing battery level of the fixed battery has lowered by X[%]
in this time slot. Note that, however, when the fixed bat-
tery is charged by the mobile battery in the time slot W,
the power consumption of the home in the time slot W is
treated as "not available (N/A)". The home 400 notifies
the server 300 of the time during which the fixed battery
is charged as part of the first battery information.
[0030] FIG. 2 is a schematic diagram for explaining a
method for supplying power by using electricity delivery
vehicles 200.
[0031] The server 300 selects electricity delivery vehi-
cles 200 with the remaining battery level of the mobile
batteries being equal to or larger than a threshold (here-
inafter referred to as a "moving threshold") as candidates

for a vehicle to be sent (dispatched) from the electricity
delivery vehicles 200 in the standby area. Hereinafter,
the electricity delivery vehicles 200 that are candidates
for a vehicle to be sent will be referred to as "S vehicles
(standby vehicles)". Herein, assume that the moving
threshold (fourth threshold) is 90[%].
[0032] The server 300 selects homes 400 with the bat-
tery charge levels (states of charge: SOCs) of the fixed
batteries being smaller than a threshold (hereinafter re-
ferred to as a "power supply threshold") as candidates
for power supply from the homes 400. Hereinafter, the
homes 400 that are candidates for power supply will be
referred to as "R homes (requesting homes)". Assume
that the basic setting of the power supply threshold (first
threshold) is 30[%]. The power supply threshold may be
variable, details of which will be described later.
[0033] The server 300 transmits the home IDs of R
homes (homes 400 with the remaining battery levels of
the fixed batteries being smaller than the first threshold
(power supply threshold)) to S vehicles (electricity deliv-
ery vehicles 200 with the remaining battery levels of the
mobile batteries being equal to or larger than the fourth
threshold (moving threshold)). The S vehicles have
stored therein map information of the town and address
information of the homes 400. The server 300 periodically
transmits (multicasts) latest map information and ad-
dress information to all the electricity delivery vehicles
200 to update data in the electricity delivery vehicles 200.
Each electricity delivery vehicle 200 (S vehicle) calcu-
lates a travel path to an R home on the basis of the home
ID, the map information, and the address information,
and starts moving toward the R home. FIG. 2 illustrates
travel paths of an electricity delivery vehicle 200a (S ve-
hicle) setting a home 400j (R home) as a goal point and
an electricity delivery vehicle 200b (S vehicle) setting a
home 400k (R home) as a goal point.
[0034] Because the electricity delivery vehicles 200
are small and travel at low speeds, the electricity delivery
vehicles 200 are capable of traveling on pedestrian lanes.
Each electricity delivery vehicle 200 includes a camera
mounted thereon, and decelerates or stops when an ob-
stacle such as a person is present within a predetermined
range from itself. Upon reaching an intersection, an elec-
tricity delivery vehicle 200 images a pedestrian traffic sig-
nal, checks the signal, and crosses a pedestrian crossing
on a green light.
[0035] Alternatively, special lanes for electricity deliv-
ery vehicles 200 may be provided. Still alternatively, guid-
ing lines such as white lines may be marked on the
ground, and the electricity delivery vehicles 200 may
move along the guiding lines.
[0036] A plurality of beacons may be placed in the
ground, and the electricity delivery vehicles 200 may trav-
el in accordance with guiding signals from the beacons.
Each electricity delivery vehicle 200 may receive a guid-
ing signal including a beacon ID from a beacon, and com-
pare the beacon ID with map information in which the
positions associated with individual beacon IDs are reg-
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istered in advance to recognize its current position.
[0037] The electricity delivery vehicles 200 in the
present embodiment are assumed to move distances of
up to 1.6 kilometers each way, that is, within 3.2 kilom-
eters per round trip by autonomous driving.
[0038] FIG. 3 is a functional block diagram of an elec-
tricity delivery vehicle 200.
[0039] Respective components of the electricity deliv-
ery vehicle 200 are implemented by hardware including
arithmetic units such as central processing units (CPUs)
and various co-processors, storage devices such as
memories and storages, and wire or wireless communi-
cation lines connecting the components, and software,
stored in the storage devices, for supplying processing
instructions to the arithmetic units. Computer programs
may be constituted by device drivers, an Operating Sys-
tem, various application programs on upper layers there-
of, and libraries providing common functions to the pro-
grams. The electricity delivery vehicle 200 further in-
cludes a hardware mechanism for electromotive drive,
such as a drive mechanism 206 and a secondary battery
208 (mobile battery).
[0040] The blocks described below are not in units of
hardware but are in units of functions.
[0041] The same is applicable to functional block dia-
grams of a home 400 (FIG. 4) and the server 300 (FIG. 5).
[0042] The electricity delivery vehicle 200 includes a
communication unit 202, a data processing unit 204, the
drive mechanism 206, the secondary battery 208 (mobile
battery), a camera 210, and a data storage unit 212.
[0043] The communication unit 202 performs process-
ing for communication with the server 300 and the like
via a wired or wireless communication network. The data
storage unit 212 stores various data. The camera 210
serves as an "eye" of the electricity delivery vehicle 200
by imaging the outside. In addition, the electricity delivery
vehicle 200 may include other sensors such as a distance
measuring sensor. The data processing unit 204 per-
forms various processes on the basis of data acquired
by the communication unit 202, the camera 210, and the
like and data stored in the data storage unit 212. The
drive mechanism 206 is a mechanism for driving of the
electricity delivery vehicle 200. The secondary battery
208 (mobile battery) is connectable with a fixed battery
and a power supply line 108 via a charge and discharge
connection port 214. The secondary battery 208 (mobile
battery) is charged by supply of electrical energy from a
power supply line 108 via the charge and discharge con-
nection port 214. In addition, the secondary battery 208
(mobile battery) supplies electrical energy to a fixed bat-
tery via the charge and discharge connection port 214.
The secondary battery 208 (mobile battery) also func-
tions as a power supply of the drive mechanism 206 and
others. The data processing unit 204 also functions as
an interface of the communication unit 202, the camera
210, the data storage unit 212, the drive mechanism 206,
and the secondary battery 208 (mobile battery).
[0044] The communication unit 202 includes a trans-

mitting unit 216 for transmitting data to external devices
such as the server 300, and a receiving unit 218 for re-
ceiving data from external devices. The transmitting unit
216 periodically transmits second battery information to
the server 300. The second battery information includes
a vehicle ID for identifying the electricity delivery vehicle
200, and information indicating the usage of electrical
energy in the electricity delivery vehicle 200 such as the
remaining battery level (battery charge level) of the sec-
ondary battery 208 (mobile battery). The transmitting unit
216 transmits vehicle state information of the electricity
delivery vehicle 200, as necessary. The vehicle state in-
formation includes the current position, the moving
speed, the operation state, and the like of the electricity
delivery vehicle 200.
[0045] The drive mechanism 206 includes a motor 228
and wheels 230. The motor 228 rotates the wheels 230
with the electrical energy supplied from the secondary
battery 208 (mobile battery). The motor 228 controls the
rotating speed and direction of the wheels 230 in accord-
ance with instructions from a movement control unit 222.
[0046] The data processing unit 204 includes a path
calculating unit 220, the movement control unit 222, and
a battery managing unit 224.
[0047] The path calculating unit 220 refers to the map
information stored in the data storage unit 212, and cal-
culates a travel path from the current position to a goal
point. The movement control unit 222 controls traveling
of the electricity delivery vehicle 200 by transmitting con-
trol signals to the drive mechanism 206 in accordance
with the travel path. When the camera 210 has detected
an obstacle within a predetermined distance, the move-
ment control unit 222 adjusts the moving speed and the
moving direction of the electricity delivery vehicle 200 to
avoid collision. The battery managing unit 224 periodi-
cally measures the remaining battery level of the sec-
ondary battery 208 (mobile battery). When the secondary
battery 208 (mobile battery) is connected with the fixed
battery of a home 400, the battery managing unit 224
controls charging of the fixed battery with the secondary
battery 208 (mobile battery).
[0048] FIG. 4 is a functional block diagram of a home
400.
[0049] The home 400 includes a secondary battery 404
(fixed battery), a charging control device 406, a panel
board 402, a charge and discharge connection port 414,
and a plurality of electric appliances 408. The electric
appliances 408 are various power consuming entities
such as a refrigerator, a washing machine, and a dish-
washer. The electric appliances 408 are connected with
the secondary battery 404 (fixed battery) via the panel
board 402. The panel board 402 is connected to the
charge and discharge connection port 414. The second-
ary battery 404 (fixed battery) is connectable with the
secondary battery 208 (mobile battery) of an electricity
delivery vehicle 200 via the panel board 402 and the
charge and discharge connection port 414. The second-
ary battery 404 (fixed battery) is charged by supply of
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electrical energy from the secondary battery 208 (mobile
battery) of an electricity delivery vehicle 200 via the
charge and discharge connection port 414 and the panel
board 402. In addition, the secondary battery 404 (fixed
battery) supplies electrical energy to the respective elec-
tric appliances 408 via the panel board 402.
[0050] The charging control device 406 includes a
communication unit 410 and a battery managing unit 412.
[0051] The communication unit 410 performs process-
ing for communication with the server 300 and the like
via a wired or wireless communication network. The com-
munication unit 410 includes a transmitting unit 416 for
transmitting data to external devices such as the server
300, and a receiving unit 418 for receiving data from ex-
ternal devices. The transmitting unit 416 periodically
transmits the first battery information (described above)
to the server 300. The battery managing unit 412 controls
charge and discharge of the secondary battery 404 (fixed
battery), and periodically measures the remaining battery
level of the secondary battery 404 (fixed battery).
[0052] FIG. 5 is a functional block diagram of the server
300.
[0053] The server 300 includes a communication unit
302, a data processing unit 304, and a data storage unit
306.
[0054] The communication unit 302 performs process-
ing for communication with the electricity delivery vehi-
cles 200 and the like via a wired or wireless communica-
tion network. The data storage unit 306 stores various
data. The data processing unit 304 performs various
processes on the basis of data acquired by the commu-
nication unit 302 and data stored in the data storage unit
306. The data processing unit 304 also functions as an
interface of the communication unit 302 and the data stor-
age unit 306.
[0055] The communication unit 302 includes a trans-
mitting unit 308 for transmitting data to external devices
such as the electricity delivery vehicles 200, and a re-
ceiving unit 310 for receiving data from external devices.
The transmitting unit 308 transmits a start instruction,
which will be described later, to an electricity delivery
vehicle 200 in accordance with an instruction from a dis-
patch determination unit 312.
[0056] The receiving unit 310 includes a first receiving
unit 318, a second receiving unit 320, and a weather ac-
quiring unit 322.
[0057] The first receiving unit 318 receives the first bat-
tery information from the homes 400. The second receiv-
ing unit 320 receives the second battery information from
the electricity delivery vehicles 200. The weather acquir-
ing unit 322 obtains weather information from an external
website of weather information via the Internet. Assume
that weather information in the present embodiment is a
probability of frozen precipitation (chance of snow) pro-
vided by the meteorological bureau.
[0058] The data processing unit 304 includes the dis-
patch determination unit 312, a tendency analyzing unit
314, and a consumption estimating unit 316.

[0059] The dispatch determination unit 312 determines
whether or not an electricity delivery vehicle 200 is to be
sent. The dispatch determination unit 312 includes a first
determination unit 324 and a second determination unit
326. The first determination unit 324 determines whether
or not an R home that needs charging with an electricity
delivery vehicle 200 is present. The second determina-
tion unit 326 determines whether or not an S vehicle that
can be sent to an R home is present. Details of methods
for identifying an R home and an S vehicle will be de-
scribed later. The tendency analyzing unit 314 analyzes
the power consumption tendency of each home 400. The
power consumption tendency of a home 400 is informa-
tion (individual consumption information) indicating pow-
er consumption (decrease in remaining battery level) of
each home 400 in each time slot. Details of power con-
sumption tendencies of homes 400 will be described later
with reference to FIGS. 6 and 7. The tendency analyzing
unit 314 analyzes the power consumption tendencies of
the homes 400 or, in other words, the power consumption
tendency of the whole town. The power consumption ten-
dency of the whole town is also information (general con-
sumption information) indicating power consumption (de-
crease in remaining battery level) of the whole town in
each time slot. Details thereof will be described later with
reference to FIG. 13. The consumption estimating unit
316 estimates a future remaining power amount on the
basis of past data relating to the power consumption ten-
dency, that is, power consumption.
[0060] FIG. 6 is a data structure table of home power
consumption information 170.
[0061] The home power consumption information 170
is stored in the data storage unit 306 of the server 300.
As described above, each home 400 is identified by a
home ID. The transmitting unit 416 of each home 400
periodically (every hour, for example) transmits the first
battery information to the server 300. The tendency an-
alyzing unit 314 of the server 300 refers to the first battery
information and records the current remaining battery
level of the secondary battery 404 (fixed battery) of each
home 400. In addition, the tendency analyzing unit 314
aggregates the power consumption (decrease in remain-
ing battery level) of each home 400 for each predeter-
mined time (in each time slot, for example).
[0062] The home power consumption information 170
of FIG. 6 indicates the power consumption tendency of
each home on Friday. For example, assume that, accord-
ing to the first battery information collected from a home
400 with a home ID = H01 (hereinafter expressed as a
"home 400 (H01)"), the power consumption of
"15:00-16:00 on Friday, June 12th" was 15[%], the power
consumption of "15:00-16:00 on Friday, June 19th" was
10[%], and the power consumption of "15:00-16:00 on
Friday, June 26th" was 5[%]. The tendency analyzing
unit 314 obtains an average power consumption on the
basis of data on several recent Fridays. In a case where
data of the aforementioned three days are used, the ten-
dency analyzing unit 314 calculates the power consump-
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tion (individual power consumption tendency) of the
home 400 (H01) in "16:00-17:00 on Friday" to be 10[%].
[0063] When the power consumption in the same time
slot on Friday, June 19th was "N/A", the power consump-
tion on Friday, June 5th, which is a week before Friday,
June 12, is further included and the average is obtained
from the data on recent three Fridays (5th, 12th, and
26th). Each time the tendency analyzing unit 314 calcu-
lates the latest power consumption of the home 400 (H01)
in "15:00-16:00 on Friday", the tendency analyzing unit
314 updates the corresponding field of the home power
consumption information 170. The same is applicable to
the other days of the week, the other time slots, and the
other homes. According to such a control method, an
average power consumption of each home 400 in each
time slot on each day of the week is registered in the
home power consumption information 170. The home
power consumption information 170 shows when and
how much power each home 400 tends to consume. The
consumption estimating unit 316 estimates a future re-
maining battery level of each home 400 on the basis of
the home power consumption information 170 (which will
be described later).
[0064] According to the home power consumption in-
formation 170, the average power consumption of the
secondary battery 404 (fixed battery) of the home 400
(H01) in "15:00-16:00 on Friday" is 10[%]. In contrast,
the average power consumption of the home 400 (H02)
in the same time slot is 30[%]. This shows that a person
or persons in the home 400 (H02) have a lifestyle con-
suming more power in "15:00-16:00 on Friday" than those
in the home 400 (H01).
[0065] Hereinafter, a preset time slot like "15:00-16:00
on Friday" registered in the home power consumption
information 170 will be referred to as a "preset period".
While the length of a preset period in the present embod-
iment is one hour, a preset period may be set to any
length.
[0066] FIG. 7 is a data structure table of home estima-
tion information 120.
[0067] The home estimation information 120 is stored
in the data storage unit 306 of the server 300. The con-
sumption estimating unit 316 estimates a future remain-
ing battery level on the basis of the home power con-
sumption information 170. The home estimation informa-
tion 120 shows estimated values of near-future remaining
battery level of each home 400.
[0068] Assume that the current time is "14:50 of Friday"
and that the current remaining battery level of the home
400 (H01) is 90[%]. According to the home estimation
information 120 in FIG. 7, the remaining battery level at
15:50, which is one hour later, is estimated to decrease
to 80[%] unless the secondary battery 404 (fixed battery)
is not newly charged. According to the home power con-
sumption information 170 in FIG. 6, the power consump-
tion of the home 400 (H01) in "15:00-16:00 on Friday" is
estimated to be about 10[%]. In this case, for estimation
of the remaining battery level after one hour, the con-

sumption estimating unit 316 adopts 10[%] in the preset
period "15:00-16:00 on Friday" that overlaps the most
with a time slot of "14:50 (current time) to 15:50 (one hour
later) on Friday". The consumption estimating unit 316
estimates the remaining battery level after one hour to
be 80[%] by subtracting 10[%], which is the estimated
power consumption, from 90[%], which is the current re-
maining battery level.
[0069] Similarly, for estimation of the remaining battery
level of the home 400 (H01) after two hours, 30[%] is
adopted for the time slot of "15:50 (one hour later) to
16:50 (two hours later) on Friday" on the basis of the data
in a preset period of "16:00-17:00 on Friday" in the home
power consumption information 170 in FIG. 6. In this
case, the remaining battery level of the secondary battery
404 (fixed battery) at 16:50, which is two hours later, is
estimated to be 50[%] (=80-30).
[0070] The tendency analyzing unit 314 aggregates
the power consumption of each home 400. The tendency
analyzing unit 314 calculates the average power con-
sumption of each home 400 in each preset period. Data
on the aggregated power consumption indicate the pow-
er consumption tendency.
[0071] The first determination unit 324 determines a
home 400 with the current remaining battery level being
lower than the power supply threshold (30[%]) to be an
"R home". According to FIG. 7, the home 400 (H04) is
an R home because the remaining battery level is lower
than the power supply threshold. In this case, the first
determination unit 324 makes an electricity delivery ve-
hicle 200 (S vehicle) start moving toward the home 400
(H04). Similarly, the first determination unit 324 makes
an electricity delivery vehicle 200 (S vehicle) start moving
toward a home 400 (H05).
[0072] The remaining battery level of a home 400 (H08)
is 40[%], which is higher than the power supply threshold,
and therefore the home 400 (H08) is not an R home. In
view of the past power consumption tendency, however,
the remaining battery level is estimated to significantly
decrease from 40[%] to 10[%] one hour later. The home
400 (H08) may therefore be an R home one hour later.
[0073] The remaining battery level of a home 400 (H03)
is 50[%], which is higher than the power supply threshold,
and is estimated to be 32[%], which is higher than the
power supply threshold, one hour later. In view of the
past power consumption tendency, the remaining battery
level of the home 400 (H03) is estimated to decrease
from 32[%] to 10[%] two hours later. The home 400 (H03)
may therefore be an R home two hours later. The power
supply threshold may be a fixed value, or may be variable
on the basis of the power consumption tendency. Here-
inafter, the description will first be on the assumption that
the power supply threshold is a fixed value to clarify a
basic idea of the present invention. An embodiment in
which the power supply threshold is varied will be de-
scribed with reference to FIG. 12 and subsequent draw-
ings.
[0074] FIG. 8 is a data structure table of vehicle infor-
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mation 130.
[0075] The vehicle information 130 is stored in the data
storage unit 306 of the server 300. As described above,
each electricity delivery vehicle 200 is identified by a ve-
hicle ID. The transmitting unit 216 of each electricity de-
livery vehicle 200 periodically transmit the second battery
information to the server 300.
[0076] The second determination unit 326 updates the
vehicle information 130 each time the second battery in-
formation is received. In addition, each electricity delivery
vehicle 200 transmits the vehicle state information indi-
cating the state of the electricity delivery vehicle 200 as
necessary during movement from the standby area to a
home 400, at start of power supply upon arrival at a home
400, or the like. According to the vehicle information 130
in FIG. 8, an electricity delivery vehicle 200 (M01) is in a
standby state in the standby area, and the remaining bat-
tery level of the secondary battery 208 (mobile battery)
thereof is 75[%].
[0077] There are four states of the electricity delivery
vehicles 200, which are "standby", "moving", "power sup-
plying", and "returning". The "standby" state means that
an electricity delivery vehicle 200 waits in the standby
area, is connected with a power supply line 108 for charg-
ing of the secondary battery 208 (mobile battery) thereof.
The "moving" state means that an electricity delivery ve-
hicle 200 having left the standby area is moving toward
a home 400. The "power supplying" state means that an
electricity delivery vehicle 200 having arrived at a home
400 is charging the secondary battery 404 (fixed battery)
of the home 400. The "returning" state means that an
electricity delivery vehicle 200 having finished power sup-
ply is moving toward the standby area (return position).
[0078] As described above, the second determination
unit 326 determines an electricity delivery vehicle 200
with the remaining battery level of the secondary battery
208 (mobile battery) being equal to or higher than the
moving threshold (90[%]) and being in the "standby" state
to be an "S vehicle". According to the vehicle information
130 in FIG. 8, an electricity delivery vehicle 200 (M05)
and an electricity delivery vehicle 200 (M06) are S vehi-
cles. When an R home is present, the dispatch determi-
nation unit 312 instructs the electricity delivery vehicle
200 (M05) or the electricity delivery vehicle 200 (M06) to
start moving.
[0079] FIG. 9 is a flowchart illustrating processes per-
formed by the server 300 to determine whether or not an
electricity delivery vehicle 200 is to start moving.
[0080] The processes illustrated in FIG. 9 are per-
formed each time the server 300 receives the first battery
information from any of the homes 400. First, each time
the first battery information is received from a home 400,
the first determination unit 324 of the server 300 updates
the record of the remaining battery level in the home pow-
er consumption information 170 (S10). The first battery
information includes the current remaining battery level
of the secondary battery 404 (fixed battery) of the home
400. The tendency analyzing unit 314 periodically re-

ceives the first battery information to recalculate the
amount by which the remaining battery level decreases
in each preset period, that is, the power consumption per
preset period. Similarly, the tendency analyzing unit 314
also updates data on the power consumption tendency
of the whole town.
[0081] The first determination unit 324 determines
whether or not a home 400 with the remaining battery
level being lower than the power supply threshold, that
is, an R home is present (S12). If no home 400 being
checked is an R home (N in S12), the process is termi-
nated. If a home 400 is an R home (Y in S12), the second
determination unit 326 determines whether or not any
electricity delivery vehicle 200 with the remaining battery
level being equal to or higher than the moving threshold
and in the "standby" state, that is, any S vehicle is present
(S14). The second battery information and the vehicle
state information are also periodically transmitted from
each electricity delivery vehicle 200, and the second de-
termination unit 326 updates the vehicle information 130
as appropriate.
[0082] If no S vehicle is present (N in S14), the process
is terminated. If an S vehicle is present (Y in S14), the
second determination unit 326 selects the S vehicle
(S16). If a plurality of S vehicles are present, the second
determination unit 326 selects an S vehicle with the high-
est remaining battery level. The dispatch determination
unit 312 transmits a start instruction including the home
ID of a home 400 (R home) that needs charging to the
selected S vehicle (S18). The second determination unit
326 also updates the vehicle information 130 by changing
the state of the S vehicle that starts moving from "stand-
by" to "moving" (S20).
[0083] For example, assume that the home 400 (H05)
is identified as an R home that needs charging, and the
electricity delivery vehicle 200 (M06) is selected to start
moving. In this case, the transmitting unit 308 transmits
a start instruction including a home ID = H05 to the elec-
tricity delivery vehicle 200 (M06). The electricity delivery
vehicle 200 (M06) has addresses of the homes 400 reg-
istered therein. The electricity delivery vehicle 200 (M06)
starts moving toward the home 400 (H05) on the basis
of the map information. The second receiving unit 320
also receives the vehicle state information from the elec-
tricity delivery vehicle 200 (M06) when the electricity de-
livery vehicle 200 (M06) has reached the home 400 (H05)
or when the electricity delivery vehicle 200 (M06) has
finished power supply at the home 400 (H05). Each time
the second battery information or the vehicle state infor-
mation is received, the second determination unit 326
updates the vehicle information 130.
[0084] FIG. 10 is a flowchart illustrating processes per-
formed by each electricity delivery vehicle 200 in receipt
of a start instruction.
[0085] The processes in FIG. 10 are performed when
an electricity delivery vehicle 200 in a standby state has
received a start instruction from the server 300. The start
instruction includes the home ID of an R home set as a
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goal point. The path calculating unit 220 of the electricity
delivery vehicle 200 refers to the address information,
and sets the specified R home as the destination. Sub-
sequently, the path calculating unit 220 refers to the map
information, and calculates the travel path to the R home
(S30). A method for calculating the travel path is a method
similar to a technology used in a typical car navigation
system.
[0086] Subsequently, the electricity delivery vehicle
200 calculates the distance from the current position
(standby area) to the destination (R home) on the basis
of the map information (S32). The battery managing unit
224 sets a "return threshold (second threshold)" depend-
ing on the calculated distance (S34). As the distance is
longer, the return threshold is set to a higher value. When
the remaining battery level of the secondary battery 208
(mobile battery) has become lower than the return thresh-
old during charging at a home 400, the electricity delivery
vehicle 200 starts returning to the standby area even if
the secondary battery 404 (fixed battery) is not sufficient-
ly charged, details of which will be described later. As
the destination is farther, that is, as the moving distance
is longer, more of electrical energy stored in the second-
ary battery 208 (mobile battery) is consumed as energy
for the movement of the electricity delivery vehicle 200.
When the moving distance is long, the return threshold
is set to be high, so that the electricity delivery vehicle
200 can keep sufficient electrical energy necessary for
returning from the home 400 to the standby area.
[0087] After setting the return threshold, the electricity
delivery vehicle 200 starts automatic movement toward
the home 400 (R home) (S36). When the electricity de-
livery vehicle 200 has reached the home 400, the charge
and discharge connection port 214 of the electricity de-
livery vehicle 200 is connected with the charge and dis-
charge connection port 414 of the home 400. The con-
nection mechanism of the charge and discharge connec-
tion ports 214 and 414 may be similar to those of known
technologies such as plug-in connection. After the con-
nection, the battery managing unit 224 of the electricity
delivery vehicle 200 applies electric current from the sec-
ondary battery 208 (mobile battery) to the secondary bat-
tery 404 (fixed battery) to charge the secondary battery
404 (fixed battery). When the secondary battery 404
(fixed battery) is fully charged, the battery managing unit
412 of the home 400 notifies the electricity delivery ve-
hicle 200 of completion of charging. In addition, as de-
scribed above, the battery managing unit 224 of the elec-
tricity delivery vehicle 200 measures the remaining bat-
tery level of the secondary battery 208 (mobile battery).
The battery managing unit 224 terminates power supply
to the secondary battery 404 (fixed battery) when the
secondary battery 404 (fixed battery) is fully charged or
when the remaining battery level of the secondary battery
208 (mobile battery) has become lower than the return
threshold.
[0088] FIG. 11 is a flowchart illustrating processes per-
formed by each electricity delivery vehicle 200 after fin-

ishing power supply.
[0089] The processes in FIG. 11 are performed after
completion of power supply. The battery managing unit
224 of the electricity delivery vehicle 200 disconnects the
connection between the charge and discharge connec-
tion port 414 of the home 400 and the charge and dis-
charge connection port 214 of the electricity delivery ve-
hicle 200 (S40). Subsequently, the path calculating unit
220 searches for a travel path from the current position
to the standby area (return position) (S42). The move-
ment control unit 222 causes the electricity delivery ve-
hicle 200 to move automatically along the calculated trav-
el path (S44). At this point, the transmitting unit 216 of
the electricity delivery vehicle 200 notifies the server 300
of start of returning as the vehicle state information (S46).
Upon being notified of the start of returning, the server
300 changes the state of this electricity delivery vehicle
200 from "power supplying" to "returning".
[0090] Thereafter, the electricity delivery vehicle 200
returns to the standby area. After the electricity delivery
vehicle 200 has reached the standby area, the battery
managing unit 224 connects the charge and discharge
connection port 214 with a power supply line 108. The
second determination unit 326 of the server 300 changes
the state of the electricity delivery vehicle 200 from "re-
turning" to "standby". The secondary battery 208 (mobile
battery) of the electricity delivery vehicle 200 is charged
through the power supply line 108.
[0091] [Power supply threshold adjusting method 1
(home adjustment)]
[0092] The power supply threshold may be a fixed val-
ue or a variable value. The first determination unit 324
may adjust power supply threshold depending on homes
400 and depending on time slots on the basis of the power
consumption tendencies of the individual homes 400.
Hereinafter, such a method of adjusting a power supply
threshold will be referred to as "home adjustment".
[0093] FIG. 12 is a data structure table of home adjust-
ment information 140.
[0094] The home adjustment information 140 is stored
in the data storage unit 306 of the server 300. In home
adjustment, the first determination unit 324 adjusts the
power supply threshold depending on the power con-
sumption tendencies of the homes 400. In other words,
the first determination unit 324 adjusts the power supply
threshold on the basis of the home power consumption
information 170 indicating the power consumption ten-
dencies of the homes 400. Firstly, assume that the basic
value of the power supply threshold is 30[%]. When an
average decrease amount of the remaining battery level
after one hour or, in other words, an estimated power
consumption, which is calculated on the basis of past
data, is equal to or higher than 20[%], the first determi-
nation unit 324 adds 20[%] as a first correction value to
the basic value. Similarly, when an estimated power con-
sumption after two hours is equal to or higher than 20[%],
the first determination unit 324 further adds 10[%] as a
second correction value. The home adjustment informa-
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tion 140 indicates a power supply threshold obtained by
home adjustment for each home 400.
[0095] For example, assume that the current time is
15:50. With reference to the home estimation information
120 in FIG. 7, the power consumption of the home 400
(H01) after one hour is 10[%], and the power consumption
thereof after two hours is 30[%]. The first determination
unit 324 therefore adjusts the power supply threshold for
the home 400 (H01) to 40[%] (=30+0+10). When the cur-
rent remaining battery level of the home 400 (H01) is
90[%], which is higher than the adjusted power supply
threshold (40%), the first determination unit 324 deter-
mines the home 400 (H01) as not being an R home.
[0096] The current remaining battery level of the home
400 (H03) is 50[%], the power consumption thereof after
one hour is 18[%], and the power consumption thereof
after two hours is 22[%]. The first determination unit 324
adjusts the power supply threshold for the home 400
(H03) to 60[%] (=30+20+10). Because the current re-
maining battery level 50[%] of the home 400 (H03) is
lower than the power supply threshold (60[%]) resulting
from home adjustment, the first determination unit 324
determines the home 400 (H03) as being an R home.
Although the current remaining battery level of the home
400 (H03) is sufficient, power consumption is estimated
to be high after one hour and after two hours, and the
first determination unit 324 therefore makes the power
supply threshold higher to cause an electricity delivery
vehicle 200 to move toward the home 400 (H03) early.
[0097] Such a control method enables prevention of
future power shortage at the homes 400 by sending elec-
tricity delivery vehicles 200 to homes 400 that are likely
to increase power consumption in the near future even
when the current remaining battery level is sufficient.
[0098] The tendency analyzing unit 314 calculates a
power consumption in a preset period on the basis of a
difference between the remaining battery level at the start
point of the preset period and the remaining battery level
at the end point thereof. When the secondary battery 404
(fixed battery) has received power supply from the sec-
ondary battery 208 (mobile battery) during the preset pe-
riod, however, the data in this period is excluded from
aggregation (N/A).
[0099] [Power supply threshold adjusting method 2
(town adjustment)]
[0100] The first determination unit 324 may adjust the
power supply thresholds for all the homes 400 together
depending on the power consumption tendencies of all
of a plurality of homes 400 or, in other words, the whole
town. Hereinafter, such a method of adjusting power sup-
ply thresholds will be referred to as "town adjustment".
[0101] FIG. 13 is a data structure table of town adjust-
ment information 150.
[0102] The town adjustment information 150 is stored
in the data storage unit 306 of the server 300. In town
adjustment, the tendency analyzing unit 314 aggregates
the power consumption tendencies of the whole town
depending on the days of the week and time slots on the

basis of the first battery information obtained from the
homes 400. In town adjustment, the first determination
unit 324 adjusts the power supply thresholds for all the
homes 400 together depending on the power consump-
tion tendencies of the whole town.
[0103] The town adjustment information 150 is infor-
mation indicating a result of aggregation of the power
consumption tendencies of the whole town. For example,
according to the town adjustment information 150, in a
period of "1:00 to 2:00 a.m. on Sunday", the remaining
battery levels of the secondary batteries 404 (fixed bat-
teries) in the whole town or, in other words, the remaining
battery levels of the homes in the same time slot lower
by an average of 3[%]. Hereinafter, such an average val-
ue of power consumptions per unit time in the whole town
will be referred to as "town power consumption". Each
time the first battery information is acquired, the tendency
analyzing unit 314 recalculates the town power consump-
tion, and updates the town adjustment information 150.
The tendency analyzing unit 314, however, excludes the
homes 400 that have received power supply during
measurement from the calculation.
[0104] More specifically, when the average power con-
sumptions of the home 400 (H01), the home 400 (H02),
and the home 400 (H03) in the same time slot are 5[%],
6[%], and 7[%], respectively, the average power con-
sumption of these three homes 400 is 6[%]. In this man-
ner, the tendency analyzing unit 314 calculates the town
power consumption by averaging the power consump-
tions of the homes 400 in the same time slot.
[0105] In town adjustment, first assume that the basic
value of the power supply threshold is 30[%]. When the
town power consumption after one hour is equal to or
higher than 20[%] (third threshold), the first determination
unit 324 adds 10[%] as a first correction value to the basic
value. Similarly, when the town power consumption after
two hours is equal to or higher than 20[%], the first de-
termination unit 324 further adds 5[%] as a second cor-
rection value.
[0106] For example, assume that the current time and
day is 23:45 on Friday. According to the town adjustment
information 150, the town power consumption in a time
slot including "0:45 on Saturday", which is one hour later,
is estimated to be 30[%]. The town power consumption
in a time slot including "1:45 on Saturday", which is two
hours later, is estimated to be 15[%]. In this case, the
first determination unit 324 adjusts the power supply
thresholds for all the homes 400 to 40[%] (=30+10). If
the current remaining battery level of the home 400 (H09)
is 50[%], the home 400 (H09) is not an R home. If the
current remaining battery level of a home 400 (H10) is
35[%], the home 400 (H10) is an R home.
[0107] Control based on the power consumption ten-
dency in the whole town has been described above. Al-
ternatively, for example, the whole town may be divided
into a plurality of blocks, and similar control may be per-
formed in units of blocks. Alternatively, a plurality of
homes may be grouped, and similar control may be per-
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formed on the group.
[0108] According to such a control method, the power
consumption tendencies in the whole town are referred
to, and electricity delivery vehicles 200 can be sent early
to homes 400 at which power shortage may occur in the
near future. In other words, in a time slot in which the
power consumption in the whole town is high, the power
supply thresholds are high, and electricity delivery vehi-
cles 200 are therefore sent relatively frequently.
[0109] Home adjustment and town adjustment may be
combined. For example, the power supply threshold for
the home 400 (H10) is adjusted by a first correction value
and a second correction value based on home adjust-
ment. Subsequently, the first determination unit 324 may
further adjust the power supply threshold resulting from
home adjustment by a first correction value and a second
correction value based on town adjustment. Alternative-
ly, the first determination unit 324 may set, as a new
power supply threshold, an average of a power supply
threshold calculated by home adjustment and a power
supply threshold calculated by town adjustment.
[0110] [Weather adjustment of power supply thresh-
old]
[0111] The first determination unit 324 may adjust a
power supply threshold depending on the weather. Here-
inafter, such a method of adjusting a power supply thresh-
old will be referred to as "weather adjustment".
[0112] FIG. 14 is a data structure table of weather ad-
justment information 160.
[0113] The weather adjustment information 160 is
stored in the data storage unit 306 of the server 300. In
weather adjustment, the weather acquiring unit 322 ob-
tains weather information from an external website of
weather forecast. Weather information in the present em-
bodiment is a probability of frozen precipitation an-
nounced by the meteorological bureau. In the weather
adjustment method, the power supply thresholds are ad-
justed when a probability of frozen precipitation in the
near future satisfies a predetermined condition (weather
condition).
[0114] The weather adjustment information 160 de-
fines in advance an adjustment value for a power supply
threshold based on a future probability of frozen precip-
itation. For example, when the probability of frozen pre-
cipitation after one hour is lower than 30[%], the adjust-
ment value is "0". When the probability of frozen precip-
itation after one hour is equal to or higher than 30[%] and
lower than 40[%], the adjustment value is "10". Assume
that the basic value of the power supply threshold is
30[%]. When the probability of frozen precipitation after
one hour is 35[%] according to the weather information,
the first determination unit 324 sets the power supply
threshold to 40[%] (=30+10).
[0115] For example, assume that the probability of fro-
zen precipitation after one hour is 45[%] and that the prob-
ability of frozen precipitation after two hours is 35[%].
According to the weather adjustment information 160 in
FIG. 14, the adjustment values are "15" and "5", respec-

tively. In this case, the first determination unit 324 adjusts
the power supply threshold to 50% (=30+15+5).
[0116] When it may snow, the power supply thresholds
increase, and electricity delivery vehicles 200 can be sent
early. As a result, a risk that electricity delivery vehicles
200 cannot be sent owing to future snowfall can be easily
avoided in advance.
[0117] Home adjustment and weather adjustment may
be combined. Similarly, town adjustment and weather
adjustment may be combined. Furthermore, home ad-
justment, town adjustment, and weather adjustment may
be combined to adjust the power supply thresholds. Any
combination may be applied.

[Overview]

[0118] The mobile charging system 100 has been de-
scribed above with reference to an embodiment.
[0119] According to the embodiment, the system of
carrying electricity by secondary batteries 208 (mobile
batteries) built in the electricity delivery vehicles 200 elim-
inates the need for power transmission lines. Because
the number of electricity delivery vehicles 200 may be
adjusted depending on the size and the power demand
of a town, the costs necessary for building and improving
social infrastructure can be flexibly adjusted. The elec-
tricity delivery vehicles 200 are basically assumed to
cruise in a "town", which is a relatively narrow region.
Because movement over long distances is not expected,
electrical energy consumption of secondary batteries
208 (mobile batteries) due to the movement of the elec-
tricity delivery vehicles 200 can be suppressed.
[0120] Power transmission lines entail transmission
loss. In particular, the transmission loss at long-distance
power transmission is likely to be high. Overhead power
transmission lines impair the landscape in some cases,
and there are many cases where power transmission
lines are to be eliminated as much as possible in terms
of nature conservation. Townscaping measures are im-
portant in protection of tourism resources, and the land-
scape is said to significantly affect the value of real estate.
The potential value of using no power transmission lines
is therefore very high. When a number of electricity de-
livery vehicles 200 cruise around a town sluggishly, the
residents will gradually be familiar with the electricity de-
livery vehicles 200 moving around. The electricity deliv-
ery vehicles 200 are expected to fit into everyday scenery
like buses and trams. Needless to say, a system in which
power transmission lines and electricity delivery vehicles
200 coexist may be used instead of a system of delivering
electricity only by electricity delivery vehicles 200. For
example, an introducing method increasing the number
of electricity delivery vehicles 200 while gradually reduc-
ing the number of power transmission lines may be con-
sidered.
[0121] Each electricity delivery vehicle 200 uses the
built-in secondary battery 208 (mobile battery) not only
for the source of power supply to secondary batteries
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404 (fixed batteries) but also for the power source of the
electricity delivery vehicle 200 itself. By adjusting the re-
turn threshold depending on the moving distance, the
electricity delivery vehicle 200 can be controlled so that
the electricity delivery vehicle 200 can return to the stand-
by area without fail after terminating power supply to a
home 400.
[0122] The tendency analyzing unit 314 analyzes the
power consumption tendencies of the homes 400. The
first determination unit 324 sets a high power supply
threshold when power consumption in the near future is
estimated to increase. Such a control method (home ad-
justment) enables pre-emptive measures to meet future
power demands by sending electricity delivery vehicles
200 to homes 400 early even when the current remaining
battery levels of the homes 400 are sufficient.
[0123] Similarly, the server 300 may analyze the power
consumption tendencies of a plurality of homes 400, that
is, the whole town, and set a high power supply threshold
when power demand in the near future is estimated to
be high (town adjustment). In addition, a high power sup-
ply threshold may also be set when the weather is ex-
pected to worsen, such as a case of a predicted snowfall,
so that electricity delivery vehicles 200 can be sent early
to avoid situations in which electrical energy cannot be
delivered when needed.
[0124] The present invention is not limited to the em-
bodiment described above and modifications thereof,
and any component thereof can be modified and embod-
ied without departing from the scope of the invention.
Components described in the embodiment and modifi-
cations can be combined as appropriate to form various
other embodiments. Some components may be omitted
from the components presented in the embodiment and
modifications.

[Modifications]

[0125] In the description of the present embodiment,
the secondary batteries 404 (fixed batteries) of the
homes 400 are charged. The power supply from the elec-
tricity delivery vehicles 200 is not limited to homes 400,
but may also be to electric vehicles, electric propulsion
ships, electric aircrafts, and the like.
[0126] In the description of the present embodiment,
a model in which electricity is delivered by electricity de-
livery vehicles 200 to individual homes from a power sta-
tion 102 present in a town is assumed. A plurality of power
stations 102 may be dispersedly located, and electricity
delivery vehicles 200 may be dispersedly arranged near
the power station 102. For example, in a case where a
home 400 (H01) has a solar panel installed on its roof,
the home 400 (H01) may be a power supplier. An elec-
tricity delivery vehicle 200 (M01) is leased to the home
400 (H01) in advance. The secondary battery 404 (fixed
battery) of the home 400 (H01) and the secondary battery
208 (mobile battery) of the electricity delivery vehicle 200
(M01) are charged by the solar panel. When both of the

remaining battery levels of the secondary battery 404
(fixed battery) and the secondary battery 208 (mobile bat-
tery) have become equal to or larger than respective
thresholds, the electricity delivery vehicle 200 (M01) be-
comes an S vehicle. The server 300 may send this elec-
tricity delivery vehicle 200 (M01) to another home 400,
as necessary.
[0127] Electricity is not limited to be delivered by au-
tonomous vehicles, and may be delivered by drones in-
cluding built-in secondary batteries 208 (mobile batter-
ies) or robots including built-in secondary batteries 208
(mobile batteries).
[0128] The server 300 may remotely control electricity
delivery vehicles 200. For example, the server 300 may
refer to the map information, indicates a travel path to an
electricity delivery vehicle 200, and remotely control the
traveling speed and the moving direction of the electricity
delivery vehicle 200. Beacons may be placed in the
ground, and the server 300 may transmit a vehicle ID
and a direction indicating signal to each beacon. Upon
detecting a direction indicating signal for itself, an elec-
tricity delivery vehicle 200 controls the moving direction
in accordance with the direction indicating signal. Such
a control method enables the server 300 to control each
electricity delivery vehicle 200 by using beacons.
[0129] After completing charging, the electricity deliv-
ery vehicles 200 may cruise around the town instead of
waiting in the standby area. Each electricity delivery ve-
hicle 200 periodically transmits its current position with
its vehicle ID as vehicle state information to the server
300. Upon detecting an R home, the server 300 may
locate an electricity delivery vehicle 200 cruising near the
R home, and send the electricity delivery vehicle 200 to
the R home. After completion of charging at the R home,
the electricity delivery vehicle 200 returns to the standby
area and charges the secondary battery 208 (mobile bat-
tery) again through the power supply lines 108.
[0130] In the present embodiment, a method of record-
ing the power consumption tendencies of the whole town
in the town adjustment information 150, and adjusting
the power supply thresholds on the basis of the town
adjustment information 150 has been described. In a
modification, part of the town, such as several house-
holds may constitute a unit section, and the server 300
may analyze the power consumption tendencies of each
unit section. When an increase in power consumption in
a certain unit section is estimated, the server 300 may
adjust the power supply threshold only for the homes 400
belonging to the unit section.
[0131] For example, assume that a town is divided into
unit sections (districts) D1 to D5. Town adjustment infor-
mation 150 is prepared for each of the unit sections D1
to D5. Upon receiving first battery information from a
home 400, the tendency analyzing unit 314 recalculates
an average power consumption of the whole unit section
to which the home 400 belongs, and updates the town
adjustment information 150. For example, when the pow-
er consumption of the unit section D1 in a preset period

21 22 



EP 4 184 751 A1

14

5

10

15

20

25

30

35

40

45

50

55

W is estimated to be high, the first determination unit 324
adjusts the power supply threshold for all the homes be-
longing to the unit section. Such a control method enables
determination on whether or not to send an electricity
delivery vehicle 200 by estimating power demand in a
smaller unit than the whole town. For example, in some
unit sections, power consumption may be high in a spe-
cific time slot on a specific day of the week because of a
held event. Estimation of power demand in a smaller unit
than a town facilitates more appropriate control of power
supply thresholds.
[0132] In the present embodiment, calculation of an
estimation of a future power consumption is based on an
average value of power consumptions. For example, the
tendency analyzing unit 314 collects the power consump-
tions (actual measured values) of a home 400 in a time
slot of 12:00 to 13:00, and calculates an average of the
collected power consumptions (actual measured values)
as an estimated value of power consumption in this time
slot. A median may be used instead of an average. In
addition, the consumption estimating unit 316 may esti-
mate a future power consumption by multivariate analy-
sis in which a time slot, a day of the week, the number
of people in a household, and the like are used as input
parameters, or an estimation model such as a neural
network.
[0133] The first determination unit 324 may perform
home adjustment and town adjustment in parallel inde-
pendently of each other. For example, a power supply
threshold of the home 400 (H01) is set to T1. The first
determination unit 324 changes the power supply thresh-
old T1 of the home 400 (H01) to T2A on the basis of
home adjustment. In addition, the first determination unit
324 changes the power supply threshold T1 of the home
400 (H01) to T2B on the basis of town adjustment. As a
result, the home 400 (H01) has two power supply thresh-
olds T2A and T2B. The first determination unit 324 may
send an electricity delivery vehicle 200 to the home 400
(H01) when the remaining battery level of the home 400
(H01) has become lower than either one of the power
supply thresholds T2A and T2B. Alternatively, the first
determination unit 324 may send an electricity delivery
vehicle 200 to the home 400 (H01) when the remaining
battery level of the home 400 (H01) has become lower
than both of the power supply thresholds T2A and T2B.
Still alternatively, the first determination unit 324 may
send an electricity delivery vehicle 200 to the home 400
(H01) when the remaining battery level of the home 400
(H01) has become lower than the average of the power
supply thresholds T2A and T2B.
[0134] When a power consumption in a future time slot
(preset period), which is an average based on past
records, in a town (or a unit section) is high, the first de-
termination unit 324 may increase the power supply
threshold. According to such a control method, electricity
delivery vehicles 200 can be proactively sent when power
consumption is estimated to increase in the whole town.
This facilitates prevention of power shortage at the

homes 400.
[0135] Conversely, when a power consumption in a
future time slot (preset period), which is an average
based on past records, in a town (or a unit section) is
high, the first determination unit 324 may decrease the
power supply threshold. Alternatively, when an increase
in power consumption is estimated and the number of S
vehicles is a predetermined number or smaller, the first
determination unit 324 may decrease the power supply
threshold. According to such a control method, priority
can be given to charging of the electricity delivery vehi-
cles 200 in anticipation of a high power demand in the
future.
[0136] A past value of a town power consumption in a
certain time slot in a town (or a unit section) is represented
by P1. In addition, a town power consumption in the same
time slot is represented by P2. When P1 < P2, that is, in
other words, when the latest town power consumption is
higher as compared with the past power consumption
tendencies, the first determination unit 324 may increase
the power supply threshold for each home 400. For ex-
ample, when a town power consumption P1 (average)
of the past five weeks in a time slot of "12:00 to 13:00 on
Friday" is 10[%] and a power consumption P2 (latest val-
ue) of the whole town in the most recent time slot of "12:00
to 13:00 on Friday" is 40[%], the first determination unit
324 increases the power supply threshold for each home
400. When the town power consumption is high as com-
pared with the past power consumption tendencies, that
is, in other words, when the power consumption is higher
than estimated, prevention of power shortage at the
homes 400 is facilitated by sending electricity delivery
vehicles 200 earlier.
[0137] A past value of a town power consumption in a
certain time slot in a town (or a unit section) is represented
by P1. In addition, the latest town power consumption in
the same time slot is represented by P2. When P1 > P2,
that is, in other words, when the latest town power con-
sumption is lower as compared with the past power con-
sumption tendencies, the first determination unit 324 may
decrease the power supply threshold for each home 400.
Alternatively, when the power consumption is lower than
that in the past and when the number of S vehicles is a
predetermined number or smaller, the first determination
unit 324 may decrease the power supply thresholds. Ac-
cording to such a control method, priority can rather be
given to charging of the electricity delivery vehicles 200
to address the risk of power shortage in the future.
[0138] When the amount of power produced by the
power station 102 is equal to or larger than a threshold
or when the number of S vehicles is equal to or larger
than a predetermined number, the first determination unit
324 may increase the power supply thresholds. When
there is enough electricity, control may be performed to
avoid surplus power by increasing the power supply
thresholds and proactively sending electricity delivery ve-
hicles 200. Conversely, when the amount of power pro-
duced by the power station 102 is lower than the thresh-
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old or when the number of S vehicles is smaller than the
predetermined number, the server 300 may decrease
the power supply thresholds.
[0139] In the description of the present embodiment,
the power supply thresholds are adjusted by weather ad-
justment based on the probability of frozen precipitation.
Weather adjustment is not limited to be based on the
probability of frozen precipitation, and the server 300 may
also adjust the power supply thresholds by weather ad-
justment based on the probability of rain and a forecast
wind force.
[0140] When worse weather such as snow, rain, strong
wind, or the like is anticipated, the first determination unit
324 may increase the power supply thresholds so as to
proactively send electricity delivery vehicles 200 before
the weather worsens. Conversely, when worse weather
is anticipated, the first determination unit 324 may per-
form control to decrease the power supply thresholds so
as to reduce the number of electricity delivery vehicles
200 to be sent for the anticipated bad weather.
[0141] When better weather such as fine weather is
anticipated, the first determination unit 324 may increase
the power supply thresholds. In this case, because the
amount of power produced by photovoltaic power gen-
eration is estimated to increase, the dispatch determina-
tion unit 312 may proactively send electricity delivery ve-
hicles 200. Conversely, when better weather is anticipat-
ed, the power supply thresholds may be decreased. In
this case, because the amount of produced power is es-
timated to increase, as many electricity delivery vehicles
200 as possible may be kept on standby to charge many
electricity delivery vehicles 200.
[0142] In the description of the present embodiment,
the balance between dispatch and standby of electricity
delivery vehicles 200 is controlled by increasing and de-
creasing the power supply thresholds. In a modification,
instead of adjustment of the power supply thresholds,
dispatch of electricity delivery vehicles 200 may be per-
formed or stopped when a predetermined condition is
met. For example, when a future power consumption at
a home 400 is estimated to be equal to or higher than a
predetermined threshold, the dispatch determination unit
312 may send electricity delivery vehicles 200 regardless
of the remaining battery levels of the homes 400. Alter-
natively, when snow is anticipated, electricity delivery ve-
hicles 200 may be sent regardless of the remaining bat-
tery levels of the homes 400. In a case of bad weather
such as snow, the dispatch determination unit 312 may
stop dispatch of the electricity delivery vehicles 200.
[0143] When the first determination unit 324 has in-
creased the power supply thresholds, more homes 400
are likely to be determined as R homes. In other words,
as the power supply thresholds are larger, power supply
by the electricity delivery vehicles 200 is more proactively
performed. The first determination unit 324 may adjust
the moving thresholds instead of the power supply
thresholds. When the moving thresholds are decreased,
more electricity delivery vehicles 200 are likely to be de-

termined as S vehicles. Thus, as the moving thresholds
are decreased, power supply by the electricity delivery
vehicles 200 is more proactively performed. The first de-
termination unit 324 may adjust one or both of the power
supply thresholds and the moving thresholds to adjust
the frequency of starting the electricity delivery vehicles
200.
[0144] When an electricity delivery vehicle 200 has
been lost, has broken down, or cannot reach a home 400
by a scheduled time, the transmitting unit 216 of the elec-
tricity delivery vehicle 200 may transmit an alarm signal.
The receiving unit 310 of the server 300 in receipt of the
alarm signal may send another electricity delivery vehicle
200 instead toward the home 400 (R home). In addition,
upon occurrence of such trouble, an anomaly notifying
unit (not illustrated) of the electricity delivery vehicle 200
may turn on a lamp mounted thereon. A person near the
electricity delivery vehicle 200 may notify the operator of
the server 300 of the presence of the electricity delivery
vehicle 200 in trouble. Creating situations in which resi-
dents help electricity delivery vehicles 200 may be effec-
tive in facilitating coexistence of residents and electricity
delivery vehicles 200.
[0145] The homes 400 may receive power supply from
fuel cells. In this case, the server 300 may cause auton-
omous vehicles to carry methanol.
[0146] Carbon dioxide emissions per unit power gen-
eration amount of respective types of power supply lines
108 may be set as "carbon metrics". A higher electricity
rate (fee) may be set for a power station with a higher
carbon metrics. For example, assume that the carbon
metrics of the power station 102A, the power station
102B, and the power station 102C are 2:5:10. When the
power generation ratio of the power station 102A, the
power station 102B, and the power station 102C in a
certain time slot T is 5:3:2, the carbon metrics in the time
slot T is 4.5 (=230.5+530.3+1030.2). The electricity
rate in the time slot T is set to a price proportional to the
carbon metrics 4.5. As a result, homes 400 that have
received power supply from electricity delivery vehicles
200 pay the electricity rate proportional to the carbon
metrics 4.5 when the electrical energy supplied from the
electricity delivery vehicles 200 is charged in the time slot
T.
[0147] Such a control method enables reduction in the
electricity rate in time slots in which power generation
using natural energy is active. This can encourage con-
sumers to change their behaviors to change the usage
of electricity depending on the natural environment (pow-
er generation environment). This can lead to establish-
ment of lifestyles adapted to the nature.
[0148] In addition, the electricity rates for homes 400
near the power station 102 are lower because the moving
distances of the electricity delivery vehicles 200 are
shorter. There is therefore an advantage in living near
power stations 102, which is effective in facilitating dis-
perse arrangement of power stations 102 in a town. Fur-
thermore, there may be a possibility of increasing the
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values of real estate of lands near power stations 102.
[0149] In the description of the present embodiment,
the server 300 is assumed to be a computer installed in
a stationary manner and configured to transmit com-
mands to a plurality of electricity delivery vehicles 200.
In a modification, one of the electricity delivery vehicles
200 may have the functions of the server 300. Hereinaf-
ter, such an electricity delivery vehicle 200 will be referred
to as an "L vehicle (leader vehicle)". The L vehicle in-
cludes a built-in secondary battery 208 (mobile battery)
and has the functions of the communication unit 202, the
data processing unit 204, the drive mechanism 206, the
camera 210, the data storage unit 212, the charge and
discharge connection port 214, and the like in a manner
similar to the electricity delivery vehicle 200 illustrated in
FIG. 3. The L vehicle also has the functions as the server
300 illustrated in FIG. 5 including the communication unit
302, the data processing unit 304, and the data storage
unit 306.
[0150] The L vehicle as the server 300 collects the first
battery information from the homes 400. In addition, the
L vehicle collects the second battery information from the
other electricity delivery vehicles 200. When the remain-
ing battery level of a home 400 has become lower than
the power supply threshold, the L vehicle selects an elec-
tricity delivery vehicle 200 (S vehicle) to be sent to the
home 400. In this case, the L vehicle itself is also included
in the candidates for the electricity delivery vehicle 200
to be sent. When an electricity delivery vehicle 200 other
than the L vehicle is selected, the L vehicle transmits a
start instruction to the selected electricity delivery vehicle
200. When the L vehicle itself is selected, the L vehicle
starts toward the home 400. The L vehicle is always ca-
pable of receiving the first battery information and the
second battery information through radio communication
in any state regardless of whether the L vehicle is moving,
charging or the like. When a new R home is detected
during charging at a home 400, for example, the L vehicle
may select an S vehicle and instruct the selected S ve-
hicle to start moving through radio communication.

Claims

1. A mobile charging system comprising:

a home to which power is to be supplied from a
first secondary battery;
a mobile object including a second secondary
battery and being autonomously movable; and
a server connected with the home and the mo-
bile object via a communication network, where-
in
the home includes:

a battery managing unit to measure a bat-
tery charge level of the first secondary bat-
tery; and

a communication unit to transmit battery in-
formation including the battery charge level
to the server,

the server includes:

a receiving unit to receive the battery infor-
mation from the home; and
a transmitting unit to transmit a start instruc-
tion to the mobile object in a standby state
when the battery charge level in the battery
information is lower than a first threshold,
and

the mobile object includes:

a drive mechanism to move the mobile ob-
ject;
a receiving unit to receive the start instruc-
tion;
a movement control unit to set the home as
a goal point and instruct the drive mecha-
nism to move upon receiving the start in-
struction, and
a battery managing unit to supply power to
the first secondary battery from the second
secondary battery when the mobile object
has reached the home.

2. The mobile charging system according to claim 1,
wherein

the battery managing unit of the mobile object
further measures a battery charge level of the
second secondary battery, and determines
whether or not the battery charge level of the
second secondary battery has become lower
than a second threshold during power supply to
the first secondary battery, and
the movement control unit of the mobile object
sets a return position to return to and instructs
the drive mechanism to move to the return po-
sition when the battery charge level has become
lower than the second threshold.

3. The mobile charging system according to claim 2,
wherein

the drive mechanism of the mobile object is driv-
en by the second secondary battery as a power
source, and
the battery managing unit of the mobile object
changes the second threshold depending on the
distance from the home to the return position.

4. The mobile charging system according to claim 1,
wherein the server further includes:

27 28 



EP 4 184 751 A1

17

5

10

15

20

25

30

35

40

45

50

55

a tendency analyzing unit to record individual
consumption information indicating a power
consumption tendency of the home on the basis
of the battery information, and
a dispatch determining unit to change the first
threshold in accordance with the individual con-
sumption information.

5. The mobile charging system according to claim 4,
wherein

the receiving unit of the server receives the bat-
tery information from each of a plurality of
homes,
the tendency analyzing unit of the server further
records general consumption information indi-
cating a power consumption tendency of all the
homes, and
the dispatch determining unit of the server
changes the first threshold in accordance with
the general consumption information.

6. The mobile charging system according to claim 5,
wherein the server further includes:

a consumption estimating unit to estimate a
power consumption of all the homes in a first
future period in accordance with the general
consumption information, and
when an estimated value of the power consump-
tion in the first period is equal to or higher than
a third period, the dispatch determining unit of
the server increases the first threshold in a sec-
ond period before the first period.

7. The mobile charging system according to claim 1,
wherein the server further includes:

a weather acquiring unit to acquire weather in-
formation; and
a dispatch determining unit to refer to the weath-
er information, and when forecast weather in a
third period meets a predetermined weather
condition, change the first threshold in a fourth
period before the third period.

8. The mobile charging system according to claim 1,
wherein
the server includes a second secondary battery and
is configured to be movable, and includes:

a dispatch determining unit to select any of the
server and the mobile object as an object to be
dispatched when the battery charge level in the
battery information is lower than the first thresh-
old;
a drive mechanism to move the server;
a movement control unit to set the home as a

goal point and instruct the drive mechanism to
move when the server is selected as the object
to be dispatched; and
a battery managing unit to supply power to the
first secondary battery from the second second-
ary battery when the server has reached the
home.

9. A mobile object comprising:

a second secondary battery;
a drive mechanism to move the mobile object
by the second secondary battery as a power
source;
a receiving unit to receive a start instruction
specifying a home from a server;
a path calculating unit to refer to map information
and calculate a path from a current position to
the home upon receiving the start instruction;
a movement control unit to control the drive
mechanism in accordance with the calculated
path; and
a battery managing unit to supply power to a first
secondary battery installed at the home from the
second secondary battery upon reaching the
home, wherein
the movement control unit controls the drive
mechanism to return to a predetermined return
position from the home after power supply to the
first secondary battery.

10. A server connected, via a communication network,
with a home to which power is to be supplied from a
first secondary battery and a mobile object including
a built-in second secondary battery and being au-
tonomously movable, the server comprising:

a receiving unit to receive battery information
including a battery charge level of the first sec-
ondary battery from the home; and
a transmitting unit to transmit a start instruction
specifying the home as a goal point to the mobile
object in a standby state when the battery
charge level indicated in the battery information
is lower than a first threshold.

11. A mobile charging system comprising:

a plurality of homes to each of which power is
supplied from a first secondary battery;
a plurality of mobile objects each including a sec-
ond secondary battery and each being autono-
mously movable; and
a server connected with the homes and the mo-
bile objects via a communication network,
wherein
the homes each include:
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a battery managing unit to measure a bat-
tery charge level of the first secondary bat-
tery; and
a communication unit to transmit first bat-
tery information including the battery charge
level together with a home ID to the server,

the server includes:

a first receiving unit to receive the first bat-
tery information from each of the homes;
a second receiving unit to receive second
battery information including a battery
charge level of a second secondary battery
from each of the mobile objects;
a first determining unit to determine whether
or not one or more homes with a battery
charge level indicated in the first battery in-
formation being lower than a first threshold
are present;
a second determining unit to determine
whether or not one or more mobile objects
with a battery charge level indicated in the
second battery information being equal to
or higher than a fourth threshold are
present; and
a transmitting unit to transmit a start instruc-
tion when a home with the battery charge
level in the first secondary battery being low-
er than the first threshold is present, the start
instruction specifying the home, the trans-
mitting unit transmitting the start instruction
to any one of mobile objects in a standby
state and with the battery charge level of
the second secondary battery being equal
to or higher than the fourth threshold,

the mobile objects each include:

a drive mechanism to move the mobile ob-
ject;
a receiving unit to receive the start instruc-
tion;
a path calculating unit to refer to map infor-
mation and calculate a path from a current
position to the home specified by the start
instruction upon receiving the start instruc-
tion;
a movement control unit to control the drive
mechanism in accordance with the calcu-
lated path; and
a battery managing unit to supply power to
the first secondary battery installed at the
specified home from the first secondary bat-
tery of the mobile object upon reaching the
specified home, and

the movement control unit of each of the mobile

objects controls the drive mechanism to return
from the home to a predetermined original po-
sition after power supply to the first secondary
battery.

12. The mobile charging system according to claim 11,
wherein the server is included in one of the mobile
objects.
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